4. Lice identifications were confirmed by taxonomic and molecular analysis. This is the first time the presence of L. salmonis has been confirmed in NW Iberia.
INTRODUCTION
in salmon aquaculture that may cause important economic losses (Costello 2009a) and has the potential to seriously impact wild salmonid populations (Boxaspen, 2006; Costello, 2006; Fraser, 2008; Costello, 2009b; Middlemas et al., 2010 Middlemas et al., , 2013 Jackson et al., 2013; Torrisen et al., 2013; Serra-Llinares et al., 2014; Gjellan et al., 2014; Skaala et al., 2014) . Sea lice can cause significant physiological and pathological consequences on salmonid hosts affecting their growth, fecundity, food-conversion efficiency, reduced appetite and survival due to their feeding behaviour, which erodes mucus, skin and underlying tissues, thus can also causing secondary infections (Boxaspen, 2006; Costello, 2006; Torrisen et al., 2013) . Moreover, host behaviour can be altered as a response to sea lice infection resulting in premature return of sea trout which reduces growth and reproductive potential (Gjelland et al., 2014) . Sea lice infection may also be an important contributor to mortality of anadromous trout that appears to be directly related to salmon farming and production of salmon lice on farmed fish (Skaala et al., 2014) .
Anchor worms (Lernaea cyprinacea) (Copepoda: Lernaeidae) are widely distributed, freshwater parasites that can also seriously impact wild and farmed host fish stocks (Sánchez-Hernández, 2011 ). In Spain, it is considered to be an exotic, invasive species; which may have been introduced by importing infected common carp (Cyprinus carpio) from Asia (García-Berthou et al., 2007) .
Lernaea cyprinacea is now well established in a number of rivers, and has recently been recorded in wild populations of non-migratory brown trout (S. trutta) in central Spain (Sánchez-Hernández, 2011), but not previously in sea trout.
In terms of the conservation status and economic importance of the ISRM, and the fact that proposals to establish salmon farming in this area are under serious consideration, it is important to determine if L. salmonis occurs naturally in in this area, and in NW Iberia in general. The presence of sea lice in Galicia, on sea trout in the River Ulla, was previously reported (Caballero, 2013) ; although no information on identification methodology was provided, and L. salmonis has, to date, not been confirmed by taxonomic or molecular identification. Lernaea cyprinacea is an invasive species in Iberian freshwater systems (Sánchez-Hernández, 2011) that has not, to date, been reported on migratory fish.
The following study was initiated, therefore, to determine the occurrence of L. salmonis, and L. cyprinacea on migratory salmonids in the River Minho, in order to inform future conservation management strategies for the ISRM. The distribution of individual lice on the host body surface was also recorded, using a standard technique (Treasurer and Bravo, 2011) . Attached lice were then carefully removed and stored in 70% ethanol for further taxonomic investigation and molecular identification. Anchor worms were also noted and stored, similarly.
Specimens of L. salmonis were examined with a low-power stereo microscope and identified using standard taxanomic keys (Kabata, 1979 (Kabata, , 1992 . Taxonomic diagnosis of L. salmonis was later confirmed by molecular analysis. Genomic DNA from two specimens was isolated using MACHEREY-NAGEL NucleoSpin®Tissue kit following manufacturer recommended protocols.
The entire 18S (18S rRNA) was amplified using the forward primer 18SU467F (5'ATC CAA eject their egg strings (McLean et al., 1990) . The presence of attached sea lice c.50 km upstream therefore indicates a rapid migration of S. trutta from the marine environment.
Previous, unconfirmed historical records at A Freixa sampling station indicate that sea lice are often found on migratory S. trutta and S. salar at this location (unpublished data). This is the first time that the natural occurrence of L. salmonis in the rivers of NW Iberia, representing the extreme, southern geographical limit of its salmonid host, has been confirmed. Sea lice infections can cause high mortalities in wild and farmed salmonid populations, threatening wild stocks and associated fisheries, and resulting in significant additional costs to the aquaculture industry (Costello, 2006 (Costello, , 2009a Jackson et al., 2013 , Torrisen et al., 2013 . Enhanced transmission of sea lice, from wild to farmed fish hosts and vice versa, may seriously impact the conservation status of resident salmonid populations in some localities (Frazer, 2008; Costello, 2009b; Middlemas et al., 2010 , Serra-Llinares et al., 2014 Gjellan et al., 2014; Skaala et al., 2014) . Thus, the confirmed presence of L. salmonis and L. cyprinacea in Galician river systems should be considered in order to inform conservation managers and possible future salmonid farming proposals. The conservation status of endangered Atlantic salmon and vulnerable sea trout populations in the ISRM and other river systems in the NW Iberian peninsula could potentially be affected by inappropriately designed fish farming operations at sensitive locations (for information on this subject, see Middlemas et al., 2013) . Further studies of salmon lice epidemiology at the river mouth are required, in order to confirm whether or not infection takes places there, survival of salmon louse during transition from seawater to freshwater and parasite infection levels in wild upstream spawning salmonids and smolts at the beginning of their seaward migration. Lernaea cyprinacea can also seriously impact wild fisheries and freshwater aquaculture operations (Piasecki et al., 2004) , and its presence in migratory salmonids in the Iberian Peninsula may also be significant.
Since L. salmonis (and its migratory fish hosts) are at the extreme southern limit of their geographic distribution, any local effects of climate change (e.g. elevated water temperatures) on the occurrence of parasite and salmonid host in the River Minho system are likely to be significant.
The occurrence of L. cyprinacea in this area might be enhanced by climate change, since this species can parasitize a large number of alternative fish hosts, and is also probably more tolerant of higher water temperatures. Environmental change has the potential to affect complex host-parasite relationships and the efficacy of treatments in aquaculture operations in a number of ways (Callaway et al., 2012) .
Further investigations are required, in order to determine the prevalence of sea lice, anchor worms and other parasites in the migratory salmonid stocks of NW Iberia. Knowledge and understanding of how they interact with their hosts in the riverine and marine environments will be crucial for the conservation and management of sustainable wild fisheries and aquaculture operations in this important area. 
